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Abstract: Orbital Angular Momentum (OAM) has drawn great attention of 
worldwide academia in the recent years. It has been intensively applied in the 
domains of optics. Recent studies imply that OAM vortex wave can be used in radio 
not only limited to optics. Then, the application of OAM in radio has gradually 
become a research hotspot, and developing effective antennas to produce OAM beams 
is one of the key issues. To date, there are several methods to generate OAM beams, 
such as spiral phase plate, holographic diffraction gratings, spiral reflectors, and 
antenna arrays. Among them, the first two methods come from the optics and mainly 
going to be used in high frequency like millimeter wave. The latter two types mainly 
targets the low frequency. However, the spiral reflectors in many cases, due to its 
specifically curved surface, is difficult to manufacture. On the other hand, the array 
antenna, when equipped with controllable phase shifters, can achieve different 
functionalities electronically, but generally becomes very expensive due to its 
complicated beam-former and many high-cost amplifier modules. Here, we present a 
new method for the generation of an electromagnetic vortex wave by reflective 
metasurface in radio frequency. It can easily avoided transmission loss, and has the 
flexibility in phase control. The proposed method paves a new way to generate the 
OAM vortex waves for radio and microwave wireless communication applications. 
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1 Research Background

 In 1992, Allen et al. pointed out that light beams with the azimuthal
phase dependence of exp(imφ) carrying orbital angular momentum
(OAM). This OAM is completely different from the spin angular
momentum (SAM).

 The electromagnetic fields carrying OAM will not propagate with
plane wavefront, but with helical phase front. It has been widely used in
optical regime, such as optical manipulation, quantum information
process, and optical communication.

Angular Momentum：



 History of radio vortex
1992, Allen et al. found that helically phased beams carried an OAM.

2004, Gibson et al. conducted an experiment for OAM optical communication.

1 Research Background



 2007, the first radio OAM simulation was performed, which demonstrated that OAM
modes are orthogonal among one another and can be allowed in principle to increase the
transmission capacity.“Radio OAM techniques hold promise for the development of
novel information-rich radar and wireless communication concepts and methodologies.”

1 Research Background



 2009, Mohammdadi et al. proposed a comprehensive system simulation of
OAM carried by radio beams generated by a circular antenna array.

1 Research Background



 2010, Tamburini et al. verified that OAM-carrying beams can be readily
generated and exploited by using radio techniques.

1 Research Background



 2011, Tamburini and Thide verified that it is possible to use two independent radio
channels to transmit signals at the same frequency but encoded in two different orbital
angular momentum states.

1 Research Background



 2011,“Nature”reported a news titled“Adding a twist to radio technology —
spiralling radio waves could revolutionize telecommunications” which has drawn wide
attention .

http://www.nature.com/news/2011/110222/full/news.2011.114.html?s=news_rss

1 Research Background

http://www.nature.com/news/2011/110222/full/news.2011.114.html?s=news_rss


 The research in radio vortex has been a hotspot. One is how to improve communication
capacity via OAM multiplexing, another is how to design high performance antennas or
devices to generate OAM vortex beams.

1 Research Background

 2014, a planar-spiral phase plate was proposed to generate mixed OAM beams at 94GHz,
based on the concept of transmit array antenna. (L. Chen, W. Hong, Z. C. Hao, Sci. Rep, 4,
4814, 2014.)



 How to generate a radio vortex? 

Antenna array

Spiral phase plate Helicoidal parabolic antenna

1 Research Background

 In this work, we propose a
new method to generate an
OAM vortex wave in radio
frequency domain by using a
planar reflectarray (reflective
metasurface).



2  Generating OAM Vortex by Reflectarray
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 Lower manufacturing cost
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The phase-shift required at each reflective elements for an OAM vortex wave in 
the desired direction can be obtained

0 0ˆ , 0, 1, 2,...c
mn mn mn f mnl k r r r u lφ ϕ  = − − + ⋅ = ± ± 

  

2  Generating OAM Vortex by Reflectarray
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Figure: Numerical simulation results of OAM vortex wave with different mode
numbers generated by the planar reflectarray. Wavefront phase characteristics
on the observational reference plane z=3.0m with (a) l=1, (b) l=2, and (c) l=4
OAM beams and corresponding far-field radiation patterns with (d) l=1, (e) l=2,
and (f) l=4.
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rf = 0.4m

The fabricated prototype of the OAM 
generating reflectarray with feeding 
horn antenna in normal incidence.

3  Simulation and Measurement Results
Simulation

Experiment

* S. X. Yu, L. Li, G. M. Shi, et al, Applied Physics Letters, 108, 121903, 2016. 
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3  Simulation and Measurement Results

* S. X. Yu, L. Li, G. M. Shi, et al, Applied Physics Letters, 108, 241901, 2016. 
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3  Simulation and Measurement Results

* S. X. Yu, L. Li, Applied Physics Express, 9, 082202, 2016. 
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3  Simulation and Measurement Results
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3  Simulation and Measurement Results

Simulation

Measurement



 Planar reflectarrays or reflective metasurfaces can be used to
effectively generate vortex beams with orbital angular momentum in
RF domain.

4   Conclusions

 It is worth pointing out that the design method is also adapted to
dual-linear polarization and circular polarization states when using
different sub-wavelength reflective elements, which belongs to the
spin angular momentum (SAM) regulation.

 By using the proposed configuration, it is much easier to produce
the vortex radio waves with different mode numbers, which
provides a simple way to generate the OAM vortex waves for radio
and microwave wireless communication applications.
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